7 


TISSUE DIFFERENTIATION IN THE ROOTS 
OF SOME FERNS ' > 

Su-Hwa Tsai Chiang and Tan Chou'®^ 

Abstract: The sequences of differentiation and maturation of eight 
different species of ferns (including both eusporangiate and lepto- 
sporangiate) arc investigated (in this report. With the exception of 
Dotrychium and the giant roots of Angiopterh all other roots are 
protostelic. The numbers of the protoxylem strands range from two to 
seven. The larger the root diameter, the more the protoxylem poles 
occur. The endodermis is characterized by a Casparian strip in the 
roots of CtraCopleris, Angiopteris and Dotrychium or is darkly stained 
in the routs of Adiantum, Osmunda. Pteris and Manilea. The rela¬ 
tionship between the origin of lateral roots and the stele can be sum¬ 
marized as follow: If the pericycle consists of more than one layer 
of cells, the lateral root initiates from this tissue, e. g., as in Osmunda 
and Angiopteris; whereas if the pericycle has only one layer of cells, 
the lateral rout is endodermal in origin, e.g., Adiantum, Ceratopteris, 

MarsUca and Pteris. In roots having diarch or triarch protoxylem, 
the lateral roots originate opposite the protoxylem, but lateral roots 
originate between the xylem and the phloem in roots having tetrarch 
or heptarch protoxylem. The occurrence of sclercnchyma in the 
cortex is due to genetic factors rather than physiological ones. 

rNTRODUCTION 

II has long been known that some studies support the observations in which the 
progressive acropetal differentiation of the sieve elments mature closer to the root 
apex than do the xylem elements in angiosperms (Esau, 1913, 1965a, 1965b: Popham, 
1955; Peterson, 1%7; Riopel and Sleeves, 1964). Recently Chiang (1971) found that 
the maturation sequence of vascular elements in an aquatic fern— 
agreed with this view. Nevertheless, the root of Ophioglossum petiolatum showed a 
different pattern, in which the tracheary elements mature before the sieve elements 
(Chen and Chiang, 1972). 

The vascular cylinder in the roots of the lower vascular plants shows less varia¬ 
tion in its morphology than angiosperms. They usually have an entire protostele 
with rather few protoxylem points (except in the giant roots such as members of 
the Marattiales). But it seems to the authors that fern roots probably show more 
variation in their differentiation and maturation pattern than that found in the roots 
of angiosperms. 

The lateral root primordia in flowering plants have been described as pericyclic, 
both pericyclic and endodermal or originating from more than these two tissues 
whereas the lateral rools in most pteridophytes originate from the endodermis 
(Chiang, 1970; Chiang, 1971; Cutter, 1971; Esau. 1961, l%5a: Seago, 1973), but in 
some ferns, it develops from the tissues other than the endodermis (Ogura, 1938). 
Though the position of the lateral roots in relation to the xylem or phloem of the 
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parent root in anRiosperms has also been described (Esau, 1%5). little is known 
reRarding the orientation of lateral root in the pteridophytes (Chiang and Gifford. 
1971). 

The primary objectives of the present study are to carefully observe the 
sequences of differentiation and maturation of vascular elements and their associated 
tissues in the roots of vascular cryptogams including both eusporangiate and lep- 
tosporangiate ferns and to determine whether any type of regularity with regard 
to maturation sequence of root tissues and the origin of lateral roots can be found 
in the plants investigated. The detail proces.ses of tissue differentiation in the fern 
roots of Ci-ralo/Heris thaliclroijcs (Chiang. 1971) and Ophioglossum petiolaliim (Chen 
and Chiang. 1972) have been studied. In the present report the authors arc not 
examining the tissue differentiation fur each species in minute detail, but merely 
intend to point out the sequence of development of .several conspicuous tissues of 
the central stele such as phloem, protoxylem. inetaxylem. endodermis as well as its 
associated cortical cells. 


.MATERIALS AND METHODS 

The materials u.sed in the present investigation and their source and growth 
habit arc listed in Table 1. 


Table 1. The source of plants studied together with their habit 



j Source 

(iruwth habit 


Adiantum eapittus-vciuris 

NTt.' green hou>e 

lerrestriat in damp soil 


Angiopti hs tyg. difitia 

Shih-Ting ( 711 ?). T.ii|H-i 

terrestrial 


Iktrychium lunaria 

Cliin-Ping Sh.-«n(<iTUj).Taipci 

terrestrial in damp suit 


C< ratopteris ptcridoidfi 

NTt' green liuu>e 

aquatic, routing in mud 


C. thaticlrjid'n 

NTt' green lio»oe 

aquatic, routing in mud 


Mursitca cretuUa 

NTt' green hoioe 

aquatic, routing in mud 


Ofmunda joponka 

Sliih-Ting ( GK). TaiiH'i 

terrestrial 


Pteris mtdti/ida 

NTf green hou>e ^ 

terrestrial 



All the materials were fixed in FAA immediately after collection. Three to 
seven specimens of each species were sectioned for study. After being washed in 
r>()?« ethanol, the specimens were dehydrated through a tertiary -butanol scries and 
embedded in tissuemat. Serial transverse and longitudinal sections were cut at the 
thickness of 8 /< and stained with either safranin and fast-green (Jensen. 1962), or 
by tannic acid and iron alum with safranin and orange G (Sharman. 1913). 

RESULTS 

General .Structure of the Vascular Stele 

(1) Adianlitm, Pteris, Ccratopteris and Matsilca. The radial direction of xylem 
maturation in Adiantum, Pteris, Ccratopteris and Marsitea is exarch and diarch. The 
trachcary elements in the mature roots are simply arranged. Two to three or four 
identically large metaxylem elements always occupy almost the entire center (Figs, 
la. lb, Ic). So that the sieve elements lie along both sides of the enlarged metaxylem 
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elements. Phloem consists of one to two cell layers (always one in Adiantum, Pteris 
and Marsilea). A constantly one cell layered pericycic is present inside the uniseri- 
ate endodermis. Fericyclic cells arc characteristically large in the developing root 
(Figs. 3a, 3b), but become more or less identical or even smaller than their neigh¬ 
bouring cells in fully developed roots (Figs, la, lb, Ic). They arc parenchymatous 
in all the stages observed. 

(2) Osmunda. The xylem in Osmtinda is cither diarch or triarch (Figs. Id, 2). 
In both diarch and triarch roots, xylem consists of a rather large number of meta- 
xylem elements. Parenchymatous pcricyclic cells arc conspicuously larger than 
their neighbouring cells and arc always in one or two cell layers. The cndodermal 
cells as well as some of their adjacent cortical cells arc deeply stained. The bound¬ 
ary between the cortical cells and cndodermal layer is not clear because of the 
darkly stained sudstance in them and the similarity of their size (Figs. Id, 2f). 

(3) Botrychium. Diarch, triarch and tctrarch xylem arc found in this investiga¬ 
tion. Both triarch and tetrarch conditions have been seen in a single root. It pos¬ 
sesses triarch xylem in the region near the root tip and becomes tctrarch farther 
from the tip (Fig. If). The medullation of the center of the root appears in all the 
roots examined. In the other words, pith is present in all stages of these roots. 
Metaxylem elements arc numerous. The number of cells in the pcricyclic layer 
ranges from one to three but is usually two. 

(4) Angiopteris. The xylem ranges from tctrarch to heptarch (Figs. Ic. 3c). 
The roots which have more than four xylem poles arc always mcdullatcd whereas 
in the tctrarch root the central part is always occupied by metaxylem (or with only 
one or two parenchyma cells) (Fig. le). The arrangement of tracheary elements is 
narrow and simple, only one to two rows of cells extend from the protoxylem to 
metaxylem. The phloem region is wider having many cells (Fig. Ic). 

Endodermis 

The cndodermal cells represent the inner boundary of the cortex. The cndoder¬ 
mal cells in the root of Adiantum are small, uniseriatc and only consist of six cells 
(Fig. lb). They arc intimately surrounded by a layer of cortical cells which arc 
exceptionally large and also six in number. The endodermis in Pteris and MarsUea 
is also uniseriatc but made up of more than ten cells. The cndodermal cells in these 
three genera have no typical Casparian strip. The entire cell contents arc darkly 
stained in the region where all the tracheary elements have secondary thickenings 
(Figs, la, lb). The structure of this darkly stained material has not been clarified. 

The Casparian strips in the cndodermal cells of Ceratopteris, Botrychium and 
Angiopteris arc very conspicuous (Figs. Id, le; Chiang. 1971, Fig. 7a). It appears on 
the radial and transverse walls of the cndodermal cells. These strips of Ceratopteris 
occupy rather small areas on the cell walls whereas in Botrychium and Angiopteris 
they cover a wider part of the anticlinal walls. The endodcrnial cells in Ceratopteris 
arc usually smaller than the cortical cells and almost the .same size as the pcricyclic 
cells which lie next to them. But the cndodermal cells of Botrychium and Angiopteris 
arc conspicuous, being larger than the cortical cells lying on the outside or the 
stclar cells (tracheary elements, phloem cells, pcricyclic cells etc.) lying within. 

The cndodermal cell as well as some of its adjacent cortical cells arc darkly 
stained in Osmunda (Figs. Id, 2). The boundary between the cortical cells and the 
cndodermal layer is not clear because of the presence of this darkly stained sub¬ 
stance and because of their similarity in size. 
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(’ortex 

Aiigioplcris and Bolryiliinni hear latlu r Ik.shy roots. They (l»i not havi* a wiry 
like nature as lho.se of other terrestrial ferns, such as tUcrh, Adianlttm i\m\ Ostninida. 
No sclerenchyma has been found in the cortex of Angiopteris and Botrychinm. 'I'he 
diameters of .some roots in Augioptcris are very lar^e and are up to 6 mm. But 
they are parenchymatous except for their va.scular tissue. Sclerenchyma is con¬ 
stantly pre-sent in the roots of all other species investigated. The cortical scicren- 
chyma in /Vem and Marsilea is characteristically thick walled (Fi^ts. Ic, le). whereas 
that in the roots of Ccratoptcris, Adiantnm and Osmioida is rather thin-walled (l•'iK^i. 
Ja, 2b;. The .sclerilication of cortical cells in the radial direction is always constant 
in the roots of a Kiven species. It is centripetal in Ostnnudu, but is centrifugal in 
the other species (Table 3). 


Table 2. Structural variation in the rcKJls «if different species 


Adiantum rapUtus-vemris 
Augiopterti lygodifolia 

Uotrychium lumna 
Cffotopleris. ptcridoida 
C. ihaiklroidcs 
Marsilea crenata 
Osiuunda japonica 
Pteris multi/ida 


lUMiilii-r 
of |>rol(i- 
xyli-ni 
'•ir;o»<!> 

2 1 

4-7 J. 1-2 

2-4 • 1-:5 

2 I 

2 1 

2 1 

2-3 1-2 

2 1 


latt-r.il j 

tool I 
oij^iii ; 

<l.irk -.Ciiiicd ciKlodc! iiu> 

(K-i iryvtf 

C-strip 

C-^l.lip » iuloili-i lni^ 
C-strip r-iulodomiis 
«lark slaiiU'cl endotU-rmis 
dark sluiiu-d pcricycli- 
dark slaiiu-d iMidodt-imis 


nifdidta- Veil l.iyi-rs rtiai.uu-i- 
tioii of ' in’ islii- of 

sU-li- I poricycif »-n«|o«li-rmis 


(t) lack direct evidence 
(2) opp«)sile proloxyleiii pole 

(a) in tetrarch root, no lateral root' lieariim <liaicli or Iriarcli ro«its li.nc heen 'i 


position of 
lateral loot 
orinin 

vyleiii'"' 
helween 
xyleiii and 
plitoelli 
l>et ween 
X vie in and 
pliloeiii'*- 
xylem 

xyleiii 

xyteiii 

xylem 

xylem 


Sequence of Tissue .Maturation 

The apical meristems of all roots examined have a single apical cell. Apparently 
all the tissues of these ferns (both ctisporangiale and leptosporangialc) arise from 
the tissues or cells formed from this apical cell. More than six roots of each species 
were examined in the study of the differentiation and maturation of root tissues. 
All the roots of a single species show a similar setittence of differentiation and 
I'iK. 1. Transverse sections of mature roots, a. Pteris, stiowinj? diarcli proluxytem willi tinearly 
arrantted phloem and ceiitrifiiKal sclerenchyma in the inner portion of the cortex. 
(xltfiU); h. Adiantuiu. showinj} iliarch protoxylem, linearly ariaiiKcd phloem and darkly 
stained endodei inis. (x;g>o); c. Marsilea. showinn diarcli piotoxylem. (xKnni): d. 
Osmunda, showinn liiarch protoxylem. phloem and darkly stained eiidodermis. (xiyft); 
c. Aiigiotderis, showiiiK tetrarch protoxylem and endoderniis witli conspicuous Caspari.in 
strip. ( f. and r. Uotrychium, showiiiR mednilatcd stele and endoderniis with 

Caspari.in strip. (I. x 175; R. x:{r,(i). 

Key to lahellint'; ;\l.k. .Apical cell of lateral ro«it; (Hn) Imm.itiire endoderniis: Kn, 
Kiulodermis; l.l. Lateral loot initial; I.K. lateral rmit; Inimatiire nietaxylem; 

.\lx, Metaxylem; i’h. Phloem; Px, Protoxylem; (Xy), Immuturc xylem; Xy, Xylem. 
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inalurnlion of the tissues. A (lelnilcd inve.sti^'alion was carried out on one species, 
(htnn)Kla japotiica, which has a diarcii xylein. The se(|uence of differentiation and 
maturation of the root tissues in Osmimda is as follows: melaxyleni initials appear 
first by the enlarKeinent and vacuolation of the cells (I'ii'. -a*. the endodermal c«‘lls 
can he recoKiiized with the thickening of the cell walls (KiK. -h), thick walled 
endodermal cells form a com|)lete circle (I'ift. 2cJ, phloem elements mature, proto- 
xylem forms secondary walls (FiK-s. 2d, 2e), and linally the metaxylem elements 
mature. 

The deveIo|)inK sequence in an aquatic fern has already been studied in Ceratop- 
teris (Chians, 15)70; Chian);. 15)71), and that of the other species dealt with in this 
invesliRalion is shown in Table 3. The numerical numbers )ci\ en after each species 
indicates the sequence of the maturation of the different root tissues. As shown in 
Table 3. the phloem elements mature first of all the ti.ssues except in <>. japoniia. 
The i)rotoxylem matures next after the phloem and metaxylem mature Iasi. 'I'he 
endodermis matures by the development (*f a Casparian slri|) (such as in Atigioplcris, 
Ceraloplcris and Botrychitim) or by the formation of darkly stained subtances inside 
the cells (such as in Adianlnm, 1‘teris, Marsilca and (hmioida). 'fhe formation of the 
endodermal cells takes place either before or after the maturation of proloxylem. 
In terrestrial species the endodermis always forms before the development of the 
secondary walls in the protoxylem, and the metaxylem elements mature after the 
sclerilication of the cortical cells outside the stele. In Angioptcris and Botrychium, 
no .sclereids have been found in the cortex. The selerilicalion of cortical cells occurs 
very early in developinj; roots of .some ferns especially the terrestrial luies (Tabic 
3). Sclerilication of cortical cells takes place opposite where (he first phloem cells 


Table 3. The sequence of tissue development in roots 


ptitiH-ni |ir<i(i»\\Iciii' 


! nu-taxylem • 


Adumtunt capillus-vi'tu’ris 

Augioptcrii lygodifolia 
(Miiatl root \Mili icirai'iti) 

litdrychium lunaria 
Ccratoptcrh plcridoidt s 
C. tJialictroifP’s 
Manilca crenata 
O^munda japittica 
Picrisi muttifida 


t 


(l.y 


■iilatRcniciil 




s 


•iiInfiiK.it) 


■Dll itiiKi 
■DirifiiKi 
■nlrifuf;; 
■iilri|K'r 
■iilriftiKi 


Fifi. 2. TraD>vfiM* M-clions o( itu- mot of OsmutuLi ■•liowinK llio <lcvclo|>nu'Dlal sequence ol 
tile ctilffi'i-nl lisMifS (:i1l 
a. iniDiatiiic nirtaxytrin i(tcDlilic(l 
)>. iiotividiial l■ll(lo(l<>lmat et*ll itillcrcDlialcit 

c. (■iKtodri nils inaliii rd 

d. hr>t pliloi'iii rti-nu'iil ni.iltiird 
Iir^l piolo\yk-ni nialuicit 

1. tlir .'ipii'.it ci'tl of .1 taU-r.it root iiiiii.itcit «>ppuMlc llic piotuxylciii lioiii oiiv ul Itu 
pcricytlit tcllx 
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appear in roots of Adiantum and Pterh. 'I'lie sclerilied c«)rtical cells in Marsilca 
and (hmunda are seen before the inatiiration of both endodertnis and inetaxylein 
but after the maturation of endoderinis and metaxylem in Ccralopteris. 

Lateral Root Formation 

The lateral roots are constantly initiated from a single endodermal cell of the 
parent roots in P/cris, Adiantum, Ccralopteris thalictroidcs. C. pteridoides and Marsilea. 
They arise very close to the apical cells of their parent roots where most «)f the r«»ot 
tissues have not yet matured. The lateral root initial in C. thalictroidcs, C. pteridoides 
and Marsilca originates in the region where either matured cells or identifiable 
tissues can be seen (I'iK. lib: ChiaiiR, l‘)71, Fiir. fia). In other words, all the root 
tissues are still meristemalic. In Pteris and Adiantum lateral roots |initiate after 
the maturation of the phloem and before the maturation of other tissues in the stele 
of their parent ro<»t. such as protoxylem and metaxylem. The lateral roots ari.se 
constantly opposite to the protoxylem. The first divisi(»n of lateral root initial in 
the endoderinis undersoes either periclinal or anticlinal division. The lir.st new cell 
wall formed in the lateral root initial is oblique between periclinal and anticlinal 
direction. During the initiation and development of a lateral root, it undergoes 
orderly cell divisions, and establishes all the root tissues including the apical mer- 
istem. It finally results in the formation of a lateral root which gradually pene¬ 
trates the tissues outside the endoderinis of the parent root. The developing pattern 
of root tissues in lateral roots of Adiantum, Pteris and Marsilea is quite similar to 
that of Ceratoptcris (Chiang, 1971), 

The lateral root initial in Osmnnda originates in the pericycle. The numbers 
of protoxylem strands range from tw(» to three and the lateral roots develop at the 
poles opposite the protoxylem strands (Figs. 2f, 2d). A single pericyclic cell opposite 
a protoxylem pole undergoes an oblique cell divisiiui to form a lateral root (Fig. 2f). 
No lateral root initial located very close to the apical cell of the parent root has been 
found. They originate at regions where the protoxylem and phloem are mature, 
but the secondary thickening of cell wall in the metaxylem has not yet matured. 

The earliest stage of the lateral initials in Angioptcris was not found in the 
present investigation. \Vc were not able to identify the first division of lateral root 
initials from the sections obtained. Nevertheless, we have found a section which 
shows a small group of meristematic cells of a lateral root priinordium, they were 
located inside the endoderinis of its parent root, in which the endodermal cells of 
the parent root still maintain their complete arrangement, and the phloem elements 
of the parent root can still be identified by their cellular shape (Fig. 3e). Apparently 
the lateral root of Angiopteris forms inside the endoderinis. It is pericyclic in origin. 

The orientation of a lateral rind in its parent root differs from that in the spe- 

I'lR. .1. t r.insvcrsc sod ions of rools diUori'ni speeies of ferns showing llie orit;in and 
orienuilion of tlie hilerni routs 

;i. Pteris, ihe l.iler.nl root iniii;il oii>;m.n.;. fr„m the eiiilo<lerni;il cell opposite the 
pioloxylem (x4lO) 

'• Marsilea, llie hileriil rtK)l initiates from tlie imm.iture endodermal cell (xyoo) 

t. Angiopteris with leirarch |)rolu\yleni, tlie lateral root orisinales between the xylein 
and the phloem (x88) 

d. Osmunda. the lateral root oripin.Tles oppovji,. tin- protoxylem pole (xH«) 

e. Angiopteris with hepi.irch protoxylem. the lateral root oriRinates from the pericyclic 
cell and between the xylem and the phloem ( x 175) 
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cics mentioned above. The lateral roots of Angioptcris initiate from between the 
protoxylem and phloem groups (Figs. 3c, 3e, 4c, 4d). 

The lateral roots of Botrychium are seen in roots which have tctrarch xylem. 
No early stages of lateral roots were found in the sections examined. The only 
section wc have in our present investigation is of a stage which shows the orienta¬ 
tion of the lateral rout in relation to the xylem and phloem, but not the original 
initial in the tissue of the parent root. The lateral root of Botrychium forms between 
the xylem and the phloem. 



Fir. 4. DinRriims showiiiR the armiiRcnient of primary vascular tissues and orientation of 
lateral root and illustratinR the relationship between them 

a. The lateral root oriRinates opposite the protoxylem |H>le in diarrh roots, e.R., Adiantum. 
Ctratopteris. Marsilea, Osmutida and Ptcris. 

b. The lateral root oriRinates opposite the protoxylem pole in triarch root. e. r.. 

Oimundi. 

c. and d. The lateral r<Mit oriRinates between the xylem and the phloem in tetrareh 
and heptarch root. e. R.. Botrychium and Angioptcris. 


DISCUSSION 

The roots in most of ihc vascular cryptogams arc known to be protostelic. In 
this study the root diameter in all the materials is almost identical in the same 
species except for Angioptcris. Angioptcris bears roots ranging from very thin to 
thick ones. No mcdullatcd roots have been seen in all the roots observed except in 
the roots of Botrychium and the roots of most Angioptcris. Both protostelic and 
medullated roots occur in a single species of Angioptcris whereas all are medullated 
in Botrychium. Bierhorst (1971) stated that parenchyma is occasionally present in 
the center, but he did not mention the relationship between the diameter and the 
medullation of the roots. 

Another category which concerns the diameter of the root is the numbers of 
the protoxylem points. This relationship is clear in the roots of Angioptcris, Botry¬ 
chium and Ostnunda. The larger the root diameter the more protoxylem points 
occur. So that the increase in the root diameter results in the increase of proto¬ 
xylem poles as well as the medullation in the center. The marattialean roots follow 
both the increase of protoxylem points and medullation. The lower filicalean ones 
change in their number of protoxylem poles, since the possession of a pith in the 
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roots of this group have not been found (Bower, 1932; Foster and Gifford, 1959; 
Bierhorst, 1971). 

The occurrence of sclerenchyma in the cortex is genetic.al rather than physio¬ 
logical. The sclerification of ground tissue is very common in the ftlicalean members 
even in the group where the plant body is filmy (DeVol, 1970) and aquatic (Table 
3). In the present study it is found that the appearance of ground sclerenchyma 
and endodermal cells in the terrestrial members is always earlier than that in aquat¬ 
ic ones (Table 2). The maturation of metaxylem is commonly very late in all 
species. Many workers consider that the endodermis plays an important role in 
absorption as well as the conduction of the water. In our data, it is known that 
the endodermis in aquatic Marsilea and terrestrial Osmunda appear later than the 
sclerification of ground tissue. It is shown that the environment factor or growing 
habit of plants plays an important role in the differentiation and maturation of vascular 
elements, the endodermis and the sclerification of the cortical cells. The formation 
of endodermal cells and sclereids in the cortex is more influenced by its growing habit. 

Ogura (1938) has mentioned that the lateral roots originate mainly from the 
endodermis but Bierhorst (1971) stated they are mainly pericyclic in origin. Both 
endodermal and pericyclic origins arc found in the materials dealt with in the 
present study, but they arc never formed from both in a single lateral root as in 
some angiosperms (Chiang, 1973; Cutter, 1971; Esau, 1%1; Seago, 1973). It is certain 
that in most of the roots listed in this report the lateral root originates from a 
single endodermal or a single pericyclic cell. The present study shows that the 
lateral root initiates at the endodermis of the parent root which bears a one 
layered pericyclc (Table 2). On the contrary, it forms from the pericyclic cell of 
parent roots which possess a pericycle with more than two cell layers. The orienta¬ 
tion of the lateral roots in the parent root undergoes certain regularity. As in 
Dennstaedlia puntilobula (Conard, 1908) and diarch roots of some other ferns (Campbell, 
1918), the lateral roots arise regularly from the places corresponding to the ends of 
xylem plate in the diarch stele in the present investigation (Fig. 4a). Guttenberg 
(1940) and Knobloclr (19S1) summarized the spacing of lateral roots with reference 
to the xylem and phloem poles of the parent root. The spacing of the lateral root 
in ferns which have diarch xylem differs from that in the angiosperms which possess 
diarch xylem. If the parent root is triarch, it is similar with that in angiosperms, 
but differs in the root with tetrarch xylem. In the roots which have four pro- 
toxylem points, the lateral roots of ferns arise from between the xylem and the 
phloem, but arise from the xylem pole in angiosperms. If the parent root has more 
than four xylem poles, the laterals also originate between the xylem and the phloem 
in ferns whereas in angiosperms the.se initiate from the phloem pole. 
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